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[ ntroduction -~~~

The joint U S/France TOPEX Poseidon satellite (see Eos, August 27, 1991,
page 319; Eos, September 29, 1992, page 419) was |aunched on August 10,
1992. Orbiting at an altitude of 1336 kmwith an inclination of 66
degrees, the satellite has been neasuring the global sea surface height
using a radar altineter systemalong the same tracks.on Earth every 10
days since late September, 1992. The mjor goal of the mssion is to
make precise neasurenment of the height of the sea surface for the study
of the dynanmics of large-scale ocean circulation. Additionally,the
data are useful for studying ocean tides and marine geophysics. The
radar altineter also measures wave height and wind speed.

At the end of the Verification Phase of the mssion, a workshop was held
on February 22-25, 1993 at the Jet Propulsion Laboratory in Pasadena,
California to evaluate the mission's performance. About 150 scientists
and engineers participated. Thirteen 10-day cycles of prelimnary data,
called the Interim Geophysical Data Records (IGbr), had been distributed
to the Science Working Team (swr) for their analysis prior to the




wor kshop. The results of the neeting indicate that all the measurement
objectives have been net. In fact, many neasurenents have exceeded
performance requirenents. Therefore TOPEX/ Poseidon has had a successful
beginning and is well underway to its 3-5 year mission .

The objectives of the workshop were (1) to reviewthe initia
performance of the mssion in terms of both engineering assessment

and neasurenent system verification; (2) to provide feedback to the
Project on the maturity of the various systens for producing the

final data product - the Geophysical Data Record (GbR): (3) to

make recomendations to the Project on the operation of the two
altimeters onboard: the NASA dual -frequency altineter (ALT) and the
CNES sol id-state single-frequency altimeter(SSaLT); (4) to review early
science results; (5) to discuss and fornulate future science plans

- Measurenent Performance ------

Based on the workshop results, the root-nean-square (rms) uncertainty of
the altimeter range neasurement under normal sea-state conditions (i.e

2 msignificant wave height and 0.1 wave skewness) is estimated to be
less than 4 cmfor both ALT and SSALT (including all the nedia and sea-
state effects but excluding the altineter height bias and bias drift)

The difference between ALT and SSALT primarily lies in the correction
for the altimeter path delay in the ionosphere. The dual-frequency
measurements of ALT allow the ionospheric path delay to be retrieved
directly. Wen SSALT is in operation, the ionospheric path delay is
estimated fromthe slant-range measurements made by an instrunment called
DORI'S, which is a dual-frequency receiver for radiometric tracking of
the satellite. The global rms difference between the two ionospheric
corrections is estimated to be about 2 cmwith the largest differences
generally in the tropics

The deternmination of the sea surface height fromsatellite altimtry
requires precise know edge of the height of the satellite relative the
the center of the Earth. Therefore precision orbit determnation (PCD)
is a crucial element of the TOPEX/ Poseidon neasurenent system A state-




of -the-art nodel of the Earth’s gravity field was devel oped before
launch for the POD effort of the nission. The rnms uncertainty of the
radi al height of the orbit conmputed by using this pre-launch nodel. was
estimated to be 8 cm with geographically correlated conponent |ess than
3 cm This orbit accuracy represents an unprecedented achievenent in
space technology. The orbit error in previous altimetric m Ssions was
at least 20-30 cm It is expected that the orbit error will be further
reduced after tuning the gravity nodel using the T/P tracking data.

The rms error for the resulting single-pass sea surface height is thus

about 9 cm (the root-sumsquare of 4 cmand 8 cm), significantly smaller
than the prelaunch specification of 13.7 c¢cm  However, these estinates

must be deened prelinmnary because of the linmted anount of data

anal yzed. The altinmeter range accuracy is dependent on the accuracy of
many corrections, some of which are still being analyzed and refined.

Data Products -—------

The SWI considered all the project systems ready for proceeding with the
ar production. Only mnor nodifications to the science algorithms were

required to inprove data quality. Wth the nodifications inplenmented,
the distribution of the GDR began in late May by both JpL's PO DAAC
(Physical CQceanography Distributed Active Archive Center) and France's
AVISO (Archivage, Validation, Interpre’tation des donne'es des

Satel lites oOce'anographiques). The data are also available to the
general science community upon request to either PpO-DAAC (US, Japan, and
Australia) or AVISO (Europe).

The SWI also noted that the data flow of the I GDR had been extrenely
efficient. The daily quick-1ook NASA data were available electronically
within 5 days on PO-DAAC's conmputer. Tapes of 10 days’ worth of the
NASA data were distributed to the Pl generally within 12 days.

The merged data (containing both the NASA and CNES data) were
distributed by aviso in the formof CD ROVs generally wthin 30 days.
The distribution of the |GDR was nearly 100 % as opposed to the pre-

| aunch specification of 40 % for verification work. As the result of an




extra effort on the Project’s part (conducted within budget) to inprove
the data quality, the accuracy of the orbit on the 1GDR was on the order
of 15 c¢cm as opposed to the prelaunch specification of 5 m  For the
(bservational Phase of the mission (the remainder of the mssion), the
SWI' recommended the continuation of this high-quality | GDR data stream
(including the electronic availability of the quick-1ook CNES data ),
whi ch woul d be very valuable for environmental nonitoring and
operational applications.

--- Qperation of the Two Altineters --—---

Because ALT and SSALT share the same antenna, only one of themcan be in
operation at a given time. Due to the experinental nature of SSALT, its
operation time was linmted to 12.5 % during the Verification Phase. In
this phase, the maxi mum period of continuous operation of SSALT was 3
days. It was felt that conplete cycles of |.0Oday SSALT data were nore
desirable for science applications as well as certain performance
evaluation (e.g., the sea-state hias). Therefore, the SW recomended
that SSALT be in operation for one conplete 10-day cycle approxi mately
every 10 cycles, with the exact schedule to be determned so as to
mnimze the residual ionospheric errors (after correction using the
DORIS data). Coordination with certain field canpaigns to validate
SSALT was al so reconmended. This reconmendation has been adopted for
revising the plan for future operations

- Science Wrking Team Presentations -~~~

There were 38 papers presented in the workshop by the SW nenbers.

The topics included the following: estimation of global dynamc

t opography, global crossover analysis, spectral analysis, sea-state

bi as, conparison with ERS-1 and in-situ observations as well as

numerical nodels, wind speed and wave height evaluation, tide nodels,
regional high resolution geoid, orbit error assessment, terrestrial
reference frames, inverted baroneter effect. Although there are still a
number of unsettled issues such as the sea-state bias, sone unexpected
differences in wavenunber spectrum between ALT and SSALT hei ght




measurements, uncertainty in the altineter height bias, and a bias in
the normalized radar backscatter coefficient (sigma-O, the general
concl usi ons support an unprecedented accuracy of TOPEX/Poseidon dat a.
For instance, various calculations suggest that 10-day gl obal crossover
difference is 10-15 cm without any orbit error corrections. This is
consistent with the 9 cmaccuracy assessment, given that the crossover
difference also accounts for residual tidal errors and other real

sea level variations.

--- Science Publications and Future Meetings ~~ "~

The SWI has adopted a general plan for publications of the mssion
results. The results of geophysical verification fromthe workshop

wi Il be published in a special issue (or section) of the Journal of
Geophysi cal Research. The data base for these publications ought to be
based on the final GDR algorithns. Therefore, nost of the work
presented in the workshop needs to be reexam ned using the GDR
Assumng that 10 cycles of the GDR will have been distributed by md
July, the earliest possible tinme for these publications would be the
next spring. To provide an overview of the early science results from
the mssion to a wider and nore general audience than that of JGR a
selection of papers will be solicited for publication in Science.

Anot her JGR special issue is also contenplated for the results reported
in the next science neeting.

The next SWI nmeeting will take place in conjunction with the second
JASO (Journees Altimetrie Spatiale pour |’ Cceanographic) “Satellite
Altimetry for Cceanography”, Novenber 29 - Decenber 3, 1993, in

Toul ouse, France. The first two days will be dedicated to the SW

neeting, followed by a 3-day general synposium Circulars about the
nmeeting are available from Michel Lefebvre (M Lefebvre/ Omet)

--- Future Mssions ~~-"""

Gven the very promising results obtained by the TOPEX/ Posei don




mssion at the end of the Verification Phase and given the need to

mai ntai n observations of the ocean circulation and sea |evel changes
over decades to hel p understanding climte changes, the SW reconmended
that a series of altimetric missions with the TOPEX Poseidon |evel of
accuracy or better be inplemented in order to ensure the continuity of
hi gh-accuracy altimetric neasurenents on the long-term A sunmary of
ongoi ng studies of future satellite altimeter mssions by NASA CNES,
and NOAA was presented. The SWI recommended that NASA, NOAA and CNES
take the appropriate steps to design, develop and inplenent such a
systemin due time as a joint contribution to the Gobal Gcean Coserving
system

The SWI, which is also the interimscience teamfor the radar
altinmeter on the ECS Altimeter Platform discussed the payl oad
issues for the ECS Altimeter Platform Because of the

di screpancies in orbit requirenent between the radar altineter and
the laser altineter on this platform the SW recommended that the
ECS radar altineter instruments should be flown separately fromthe
| aser altineter.

The SWI al so reconmended the devel opment of a gravity mapping
mssion to be launched before the end of 1998. This mission shoul d
substantially inprove the resolution of the geoid, so that

measur ements from TOPEX/ Posei don and fol | ow-on radar altimeter

m ssions could nore accurately determ ne the quasi-geostrophic
circulation of the upper ocean.
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